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ENVELOPE IONIZATIONPKEANISMS ~ W WLPKUME

Arthur N. Cox, Staphen W. Eodson, and Sean P. Clancy
Tbeoratical Divlaion
Loo Alaas National Laboratory, University of California

ABSTRACT

Envelope ionizationvariations duriq the pulsatima of ~ Cephei variables
are knom to be ~ufficient co drive pulsations in these stars ia the presence
of strong deqer radiativedamping. If a model can be found with smaller than
normml d~ing, or Larger than normal helium ionization driving, then any inter-
mittent core rqioa drivtig will be mre effective and will drive the puisationa
ta ● larger thau normel amplitude. If the net dampiag is so small then the de-
CSY of these pulsations will ●lso be slower ‘ma normal. It is suggested that
incramed ●nvelope halium, which ti~t OCCU: by accretion of matter f:om an
hwolved compaaion, or ●s just self
driting sad ● smiler deca> rate.
riched surface Layers which explain
halium Lines do appear normal.

I. BASIC DATA FOR BU VU”d5CU?L4E

homogeniz.~tion,gives some helium ionization
Perb,ps BU Vulpecuhe has such helium en-
ics unique Large amplitude, even though the

BW Vul is ● @qua ~ Cephti variable due :0 i:s large ampil:ude in Light
amd radial valoci:7 variations. khile At does show mpii:.adeva::atk:ns \lhers-
wick ml 7ounu 19~S), L: may he :hac iw decay tune :s longer :han :he EVO
reasonably wel~ ‘hewn cases,
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vective core (Y = 0.48 ●lso) gives a pnriod of 0.201 day exactly the obaemed
period. Nonu of the ●dhbatic nomzatial periode, which we feel should have the
su period to give the Odall (1981) polarizatiou9 have the F mode period and
therefore this model is not perfect from this tiewpoint.

The Watson (1971) abundance of helium for this star is Y = O.2S 2 0.02.
One should probably not argue with this value, but it has been obained for a T
= 23400 K and a L08 g = 3.81. For higher T perhaps a significantly larger ?
will be mded to match the obsemed meu”xal %elium lines. At any rate oux mo-
del ●hould be considered an extreme one, calculated to minimize radiative damp-
X and IMZimiZR the pulsation amplitude and decay time.

A better model with the F and f2 periods ●lmost equal and the composition
profile normal .s givem In Table II. The decay rate is now five times faster
gitis a tim scale of 5.S years just as for a Vir.

TABLK II

INEOMOGKNEOUSCOMPOSITIONBW VUUECUIAE MODKL

11.5 m. 24200K
yg = 0,28 (Cox-Davi~~)

5.87 x 1037 er*/s
Y = 0.68 (Stellingwerf fit)

Camtral Inert Ball q = 6.0s L /L = 0.89 z ; : “;: ~oTyre
Convective Core Surface (WE = 0:17 ‘q”: 0.25 xa (3.14 T=~x71~ K

IJ Gradient Shell ~sr S&ace = 0.39 X=().L6 “fa~6xlQK
Last Zone Mass 8x1O g One optic~ll~ltbin zone outside photosphere radius

4.!)0x 10 a.
Haas Ratio 1.61 for 47 zones 0.722 for213 zones

F !fodePeriod 0.202 d f Peziod 0.207 d .4 PI Period 0.157 d
1?Mode Decay Rate -1.0 x 10 /TIo
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Table V shows some detailed composition structures investigated. Each of
the 10 rows indicate a3~ompositiou structure with the fixed H = 14 M T =
24,000 K, and L = 7 x 10 erg/s. Of particular interest is the model & @ 8
where there is helium enrichment of Y = 0.60 to a depth where T = 7 x 10 K.
While the model is still stable against pulsations aa seen in the last column,
and has a longer per ~ ,aex~ to last columi) than usually observed, it has a
pulsation decay time , times longer than most ~ Cephei models.

TAME V

M,ooo x

7 * L037 ..$/.

(m Conwctiva cam)

x Y z T(x) x Y z T(K) x Y z 70(d) no(ll-’
——. —. —.— —.—

0.10 0.28 0,02 105 0,60 0.10 O.io a x 10; 0.06 0.90 0,04 0.237 -2,1 x 10-$

0.70 0.20 0.:0 106 0.50 0.30 0.10 7
2CL0 0.06 0.90 0,04 0.226 -2,e x 10-5

0.50 Q“L8 0.02 106 0,60 0.10 0.10 1 s 107 0006 0!90 0.06 0.2L8 -1,3 x m-’

0.50 0.60 0.10 Lof 0.60 0.10 0.10 : x 107 G.06 0.90 0.04 0.237 -1.s x 10-s

0..0 0,*O 0,20 10b 0.60 0.10 0.10 2 x 107 0.06 0.?0 0,04 0.230 -9-1,6 K 10

‘),Ja 0,60 0,02 2 x 103 0.40 0.58 0002 2.06x 103 Oulla 0.56 0.02 0.237 -2.1 a 10-’

J. 10 0.60 0.10 :06 0.60 0.10 O.io : x 107 0.06 0.90 0.04 0.:41 -1.2 x 10-9

9.10 0,60 0.Lo 7 8 106 0.70 0.:8 0.02 1 1 10’ 0.06 0.90 0,04 0. )35 -1,0 x 10-6

0.:1 0.75 0.02 2 8 10’ 9.16 0,72 0.02 :.06 tILOS 0.2$ 3.90 O,oh 0.:38 -:.1 I 10-5

‘ji> ‘J.73 0.02 106 0,60 0.10 0!10 2 x 107 IJ.06 0.90 3.04 0,26\ -4,7 x :0-”

Extreme boundarf coalitions which are an ●ttempt to mock up mass loss are
l~sed for models described in Table VI. A reduction of che last mass zone :0
i.ighten the ouccr layers , or a reduction of the accelerationdue to ~ravtcy, ~,
rmsulss in structure c,haagesthat seem to iucrease stabil~v., We aoce that a
marly companion 31s0 ~i’?e~ more concentsaced structures and incyeased puisat:~a
s:abllit:~.



dmay rate ●nd still
surface Y to mce t.hm

retch th obmmed W Vul pariod umless we ea,richthe
tke Interior, a strongly unstable p gradient.
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~u=ia

g x 0.8 co 2s,000 x md x 0.9 :0 40,000 K

g x 0.6 CO 2S,000 X sad x 0.8 CO 40,000 K

The fiwua gives the work per zone so
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driw pu~sations in :he homogeneous— .
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Figurm 1. Tha work per ZOM co drive radial pulsation in che inhomogen-
eoue BW Vul model. For tlds figzue tha St*lltigwerf (1975) f~r for the
●quation of state and opaciey has ‘oqenused to make the cuL-es smoother.
The F cme has been multiplied by l(!-and cha lH by 10.

We nota the the decay time of 2U yea:s is not ●s long ●s obsefied in
light amplitude (FercY 1980) which decays only 5 perceac in 30 years Siving an
●-foldiag the of 580 years. It appears that BW ‘W, and ail 5 Cephef “Vari-
●bles, have occasional core mixing episodeswhich cause tempora~ driving of the
ptisations and Uese aay occur when tha previous ●xcicacioa is SL:LL decay:ng.

A Leek ac che detailed amplitude history of 3W Vul shows both increases and de-
creases on our predicted :ime scales. (Zggen 1948 and Cherewick and Young

197!3)!
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